Left heart catheterization has become an increasingly important method for the pre-operative assessment of patients with congenital or acquired heart disease, and in recent years a variety of techniques have been introduced for gaining access to the left atrium and left ventricle . When the usual clinical examinations indicate the need for such study the physician must select the method of left heart catheterization that will provide the information, in a particular patient, with a minimum of risk and discomfort. One of the techniques most commonly employed for access to the left ventricle is anterior percutaneous puncture. Although this method has been widely used since it was described and popularized by Brock and co-workers in 1956, relatively little information is available concerning experiences with this technique (Fleming et al., 1958; and Raynaud et al., 1959) . At the National Heart Institute left ventricular puncture has been employed in the course of 226 haemodynamic studies. The present report constitutes a description of the techniques and a summary of the experience with the procedure in this clinic.
. The parasternal and subxyphoid routes (Fig. 1, C COMMENT Six basic methods of left heart catheterization have been developed in recent years. These include the posterior percutaneous, transbronchial, retrosternal, and transseptal approaches for left atrial puncture and the retrograde arterial and anterior percutaneous approaches to the left ventricle. Of the four techniques for entering the left atrium, modifications of all but the retrosternal method also permit a catheter to be introduced across the mitral valve into the left ventricle. This means of obtaining left ventricular pressure is not always successful, particularly if there is significant mitral regurgitation. Since knowledge of the left ventricular pressure is required to determine pressure gradients across the mitral and aortic valves, a direct method of access to the ventricle is often necessary.
Of the two methods for direct determination of left ventricular pressure, the retrograde approach across the aortic valve was the first to be used. (Zimmerman et al., 1950) . This method has been improved by Seldinger's modification (1953) which permits a catheter to be introduced into the brachial or femoral artery percutaneously without surgical exposure of the vessel. Although normal and incompetent aortic valves may usually be traversed with ease with this technique, in our experience it is difficult and frequently impossible to enter the left ventricle across a stenotic aortic valve.
The other means of obtaining left ventricular pressure without left atrial catheterization is direct puncture of the ventricle through the chest wall as described above. It has the advantages of requiring little time, of being relatively easy to perform, and of causing little discomfort to the patient. Furthermore, when used with one of the methods of left atrial puncture, it permits the recordings of simultaneous atrial and ventricular pressure tracings and the precise measurement of a diastolic pressure gradient across the mitral valve (Fig. 2, C) .
In assessing the severity of aortic stenosis, left ventricular puncture is performed in conjunction with a measurement of the brachial artery or central aortic pressure. The size of the stenotic orifice may then be estimated using the Gorlin formula, from the systolic pressure gradient between the left ventricle and the aorta, and the left ventricular output as determined by the indicator dilution technique. A simple measurement of left ventricular pressure does not localize the site of outflow obstruction, information which is often necessary in the assessment of congenital lesions. While it is possible to catheterize the aorta through a 16 gauge needle introduced into the ventricle, the use of a needle of this size increases the hazard of the puncture. Fleming et al. (1958) reported two deaths from cardiac tamponade in a series of 59 patients in whom a 16 gauge needle was employed.
Left ventricular puncture may also be used for the injection of radioisotopes or for contrast radiography. The injection of a saline solution of Kr85 into the left ventricle while the radioactivity of the expired air is monitored, for example, will sometimes demonstrate the presence of small ventricular septal defects that cannot be detected by other means. Left ventricular angiocardiography may also be performed through a percutaneous needle (Lehman et al., 1957) . While the retrograde and transseptal techniques (Brockenbrough and Braunwald, 1960) for the rapid injection of contrast media are preferred in this clinic, these approaches are sometimes not feasible, particularly in infants or small children. In such circumstances percutaneous ventricular puncture is a valuable alternative method.
Significant complications occurred after 6 per cent of the 226 left ventricular punctures, but the majority of these were not serious. While this is not a high incidence it is greater, in our experience, than that associated with either the transbronchial or transseptal techniques of left heart catheterization. Accordingly, in pre-operative patients we prefer to employ the transseptal approach;
percutaneous puncture of the ventricle is used only if the ventricle cannot be entered with a catheter passed from the left atrium. Complications are less common in after operation patients in whom the pleural and pericardial spaces are obliterated. Percutaneous left ventricular puncture, therefore, lends itself well to the study of patients who have been operated upon for aortic valvular disease and in whom knowledge of the left atrial pressure is not essential. In all patients the number of complications will be minimized if a needle of no greater calibre than 20 gauge is used and if attention is paid to the anatomical landmarks so that multiple punctures of the myocardium may be avoided whenever possible. If entry into the left ventricle is unsuccessful after several punctures the increased risk of continuing the procedure must be considered. The consequence of pneumothorax, hypotension, or tamponade will be substantially reduced if these possible hazards are recognized, if the patient is carefully observed following the study, and if prompt treatment is instituted should signs of one of them appear.
SUMMARY
Percutaneous puncture of the left ventricle was performed in the course of 226 hiemodynamic studies in 202 patients with congenital or acquired heart disease. No deaths occurred but significant complications were observed after 14 of the procedures. The technique of left ventricular puncture is described and the relative advantages and disadvantages of this method of left heart catheterization are discussed.
